Background: Category II tuberculosis (TB) patients (i.e. re-treatment TB patients) are at an increased risk for defaulting on treatment compared to Category I TB patients. Therefore, extra steps need to be taken to help Category II TB patients follow through with their treatment. The goal of this study was to examine the effectiveness of three different types of interventions to help improve treatment success rates among Category II patients. Materials and Methods: Three different interventions that were implemented among Category II TB patients in the Bardhaman, Hugli, Malda and Murshidabad districts in West Bengal, India, were: 1) setting up group patient provider meetings (PPMs), 2) making home visits and reinforcing the message of full course of treatment, and 3) linking poor TB patients to social welfare schemes (SWSs) to incentivize them to complete treatment. Results: PPMs and SWSs improved treatment success rates among Category II patients. The treatment success rates for patients who received PPMs and patients who received SWSs were 94.2% and 90.7%, respectively, compared to the 74.5% treatment success rate of patients who received no intervention. The effectiveness of home visits, however, depended on the number of home visits the patient received. Conclusion: PPMs and SWSs improve treatment success among Category II TB patients and may easily be incorporated in Directly Observed Treatment, Short-Course programming as feasible ways. A conclusion regarding home visits, however, could not be drawn from this study.
Introduction
Nearly 400,000 tuberculosis (TB) patients die in India annually even though there are cost-effective tools to cure the disease [1] [2] . In 1993, The Revised National Tuberculosis Control Programme (RNTCP) was implemented to help address this problem. The RNTCP is an application of the Directly Observed Treatment, Short-Course (DOTS) strategy, in which a health care worker observes and assists with the patient taking their medicine [1] . The DOTS treatment program, however, may intrude on the daily life obligations of patients. For instance, patients may have familial and work obligations that prevent them from traveling to a health center multiple times per week to receive and be observed taking their medicine. Therefore, many patients do not complete their entire course of treatment [3] . Thus, although RNTCP has improved treatment success rates (TSRs) among TB patients in India [4] , many patients still tend to have poor treatment outcomes [5] .
Category II patients (i.e., patients who have defaulted during a previous treatment, relapsed after treatment, or who have failed previous TB treatment [1] ), in particular, are at increased risk for defaulting on their treatment [5] - [8] , and for having multi-drug resistant strains [9] . In India, the Category II TSR is only 70% [10] and in West Bengal it is even lower at 64% [11] . This is likely because the treatment for Category II patients often requires more effort on the part of the patient than Category I TB patient treatment. Specifically, Category II patient treatment may require a more intensive medication regimen and longer treatment duration. Additionally, these patients have already gone through an unsuccessful round of treatment at least once, and therefore, may be less motivated to complete treatment the second time around. Therefore, in addition to following the general RNTCP protocol, it may be beneficial to take extra steps with Category II TB patients in order to ensure that they complete their entire treatment course.
This study, funded by the United States Agency for International Development (USAID)/Child Survival and Health Grants Program (CSHGP), examined the effectiveness of three interventions on improving TSRs among Category II TB patients in West Bengal, India. These interventions were aimed at 1) linking Category II patients with each other and with their service providers to discuss their treatment and the issues they are having and 2) incentivizing patients to follow through with their entire treatment course. Specifically, first, a platform was created for group patient provider meetings (i.e., PPMs), which allowed for the interaction between groups of patients and a service provider. By having the group meetings, the provider (usually a block medical officer) was able to meet with the patients frequently to address their issues. Furthermore, the patients were able to provide one another psychological and social support while also sharing knowledge regarding their disease and its treatment. Second, home visits with the patient and their families were made during which the message of treatment compliance was reinforced, and the management of side-effects was discussed. Lastly, poor patients were linked with social welfare schemes (i.e., SWSs) provided by the Panchayati Raj Institutions (PRIs), the lowest level of self-governance in India. For example, the PRI could provide cash, food (e.g., Horlicks, rice), supplies (e.g., blankets), a combination of cash, food and/or supplies, or preferential employment through government relief programming and/or government employment schemes to incentivize patients to follow through with TB treatment.
Materials and Methods

Study Implementation
As part of the Initiative to Manage People Centered Alliances in Control of Tuberculosis (IMPACT) project, three different interventions (i.e. PPMs, SWSs, and home visits) were adopted to improve the TSRs among Category II patients. The implementation area for these three interventions included 22 Treatment Units (TUs) in West Bengal spread among four districts: Bardhaman, Hugli, Malda and Murshidabad. The selection of the TUs was based on two basic indicators: case detection rate and treatment success rate. Those TUs who performed the worst on these indicators were selected for the study. All 3310 Category II TB patients who registered during 2011 in these TUs formed the study population. However, only 2327 patients were included in the analysis because data was missing from the other 983. Treatment success was defined as those patients who successfully completed treatment and are believed to no longer be infected with TB, and treatment default was defined as those patients who did not complete treatment.
A total of 54 block coordinators (BCs), one assigned to each block, were recruited by partner non-governmental organizations for implementing the project activities. In order to implement the three interventions, the BCs collected a list of all retreatment patients, and a home visit was initiated for them. The initial home visit was done by the Auxiliary Nurse Midwife (ANM). Subsequent home visits were made by IMPACT project staff within next fifteen days. During these visits an attempt was made to encourage patients to attend PPMs and to link them with existing SWSs through the PRI system. Thus, this study utilized a natural experiment in which an attempt was made to make at least one home visit to all patients within the study area, but the patients themselves chose whether they wanted to attend PPMs and the PRIs decided whether they wanted to offer SWSs to the TB patients within their local area. As such, the majority of patients received home visits (N = 2237), fewer patients attended PPMs (N = 1022), and even fewer received SWSs (N = 830). Furthermore the majority of the patients received more than one intervention (N = 2239). The breakdown of the number of patients who received each intervention is shown in Table 1 .
Data Collection
Data was collected using the information on the TB patient register maintained by the BCs and the individual patient RNTCP TB cards, which are issued to all TB patients. These included information such as the patient's age, sex, caste, category, and treatment outcome. The register also included information regarding attendance in PPMs, the number of home visits made, and if the patient was linked to SWSs. If the patient consented, data collected also included information on poverty status. All personal identifiers were removed from the data.
Analysis
A binary logistic regression model was utilized to examine the influence of each of the interventions on TSRs compared to default rates. This type of analysis was used because we had a binary outcome variable (i.e. treatment success versus treatment default) and it allows for conclusions to be drawn regarding the effect of each of the three intervention types on the treatment outcome, while at the same time controlling for the influence of the other intervention types. This last point is important given that most patients in the study population received more than one intervention. Age, poverty level, and sex were included in the model as control variables. Finally, Tukey's HSD tests were conducted to assess the influence of the number of home visits on TSRs. All analyses that had p-values of .05 or below were considered significant.
Results
Socio-Demographics
The socio-demographics of the study population are presented in Table 2 . As shown in the table, a majority of the patients included in this study were male (78.0%), between the ages of 15 and 45 years old (62.8%), of general caste (52.1%), and living below the poverty line (54.2%). Out of the patients included in this study, 43.9% attended PPMs, 35.7% received SWSs, and 96.1% received home visits.
Intervention Effectiveness
Our results indicated that two out of the three interventions significantly improved TSRs (see Figure 1 for the This graph shows the treatment success rates of the patients who received each type of intervention. Many patients received more than one intervention, and therefore, the percentages for each of the three interventions were not independent from each other. Instead, they reflected those patients who received that particular intervention but also may have received one of the other interventions as well.
TSRs for the patients who received each intervention). Specifically, Table 3 shows that TSRs improved with PPMs (Exp(B) = 3.315, p < 0.001), and SWSs incentives (Exp(B) = 1.422, p < 0.05), but not with home visits (Exp(B) = 1.238, p > 0.05).
Number of Home Visits
Although the results of the binary logistic regression indicated that home visits did not significantly influence TSRs, individual patients received different numbers of home visits (i.e., 90 patients received no home visits, 258 patients received one, 582 patients received two, and 1397 patients received three or more), and it was possible that a certain number of home visits were necessary to effectively improve TSRs. Indeed, Tukey's HSD tests showed that the number of home visits received had a significant effect on TSRs (F(3 df) = 8.733, p < 0.001). Specifically, the TSRs from:
• Two home visits were significantly better than no home visits (Mean Difference = −0.142, p < 0.01).
• Two home visits were significantly better than those from three or more home visits. (Mean Difference = 0.071, p < 0.001).
• No other comparisons (i.e., 0 home visits versus 1 home visit, 0 home visits versus 3 home visits, 1 home visit versus 2 home visits, and 1 home visit versus 3 home visits) were found to be significant. Note: Nagelkerke R 2 = 8.8%. Total N = 2296, 31 had missing data for one or more of the variables included in the model.
Discussion
Discussion of Results
The results of study demonstrate the effectiveness of interventions on improving TSRs. These results are in line with the results of similar studies that show that interventions, such as the introduction of incentives, increase treatment success rates among TB patients [12] - [16] . For instance, Volimark et al. found that interventions such as reminder cards, monetary incentives, and health education all improved treatment compliance among TB patients [16] . Unlike these previous studies, however, this study examined the effectiveness of multiple types of interventions (including the novel intervention of PPMs) on the particularly high-risk population for treatment default-Category II TB patients. The results of the present study demonstrate the positive effects that PPMs and SWSs have on TSRs among Category II patients. Compared to those patients who did not receive any intervention (74.5% treatment success), those patients who attended PPMs (94.2% treatment success) and who received SWS incentive (90.7% treatment success) had substantially improved TSRs. SWSs provide incentives for following through with treatment. Therefore, the patients are more likely to complete the entire treatment course in order to continue to receive these incentives. PPMs are likely effective because the meetings allow patients to have a better understanding of the disease course and the importance of treatment. One of the primary reasons the patients default on treatment is that they stop seeing and feeling the symptoms of their TB over the course of their treatment, making it particularly important to talk to a health provider (block medical officer) who can help them understand the importance of completing their treatment [17] . It is possible, however, that PPMs increases TSRs due to participation bias such that these patients may have been more positively inclined to successfully complete treatment given that they are self-selected to attend the meetings.
Unlike SWSs and PPMs, results for home visits influencing TSRs are ambiguous. Although the TSRs of those patients who received home visits (88.1% treatment success) were higher than the TSRs of those patients who did not receive any intervention, the binary linear regression revealed that this difference was not significant. However, further analysis (Tukey's HSD test) revealed that the number of home visits the patient received influenced TSRs such that TSRs improved the most when two home visits were conducted. It is unclear, however, why this would be the case. One potential reason that only two home visits were effective at improving treatment success rates could have been because one home visit was not enough, but those patients who received three or more home visits may have been particularly "high risk" patients for treatment default to begin with (thus the need for several home visits). In such a case, home visits alone might not be enough to motivate those patients who are at the highest risk of default to follow through with treatment. That being said, firm conclusions regarding the effectiveness of home visits in improving TSRs cannot be drawn based on this study. Ideally, future studies would be conducted that systematically assign patients to a given number of home visits in order to more accurately assess the influence that the number of home visits has on treatment success rates.
Limitations
Although this study provides some insight into the effectiveness of various interventions on treatment success rates among Category II TB patients, it does have several limitations. Specifically, given that this study took advantage of a natural experiment, and patients were not assigned to various intervention types or combinations of interventions, the relative influence of each intervention type could not be compared because the number of patients who received each intervention combination varied greatly from 0 -862 patients. Furthermore, given that participation in the interventions was self-selected, participation bias could have influenced the treatment outcomes associated with each intervention rather than the intervention itself being the sole influence. Finally, this study only took place within four districts in West Bengal, India. Thus, the results may not be generalizable to Category II TB patients outside of these districts. Future studies should systematically assign patients to each intervention type so that direct comparisons can be made among the relative effectiveness of each intervention types and participation bias can be eliminated. Additionally, similar studies should be conducted in other geographical areas in which Category II patient default rates are high in order to examine the generalizability of these results.
Conclusion
Based on the results of this study, we believe that PPMs and SWSs may easily be incorporated in DOTS programming and have the potential to decrease treatment default rates and consequently improve TSRs among Category II TB patients. Furthermore, the same interventions may also improve TSRs among other high risk patients for treatment default including alcoholics, or those patients without a convenient treatment facility [5] [9] [18] [19] .
